Porcelain Factory Worker With Asbestos-related Mesothelioma
Meng-Ting Tsou, 1, 2 Jiin-Chyuan J. Luo 3,4 * Malignant mesothelioma is a rare tumor among the general population, but for people exposed to asbestos, the lifetime risk is high. A 58-year old man presented with suffering from chest pain, upper back pain, shortness of breath, and coughing that had continued for several months. A chest X-ray revealed right-side pleural effusion; however, pleural biopsy from drainage treatment confirmed a diagnosis of malignant mesothelioma. According to his occupational and environmental history, the patient had worked continuously in a porcelain factory for 30 years. The specific characteristics of his work, making asbestos wallboards and gaskets, entailed working in high-temperature conditions with a high fine-particle content in the atmosphere. The high working temperature caused asbestos debris and dust to fall down regularly from the wallboards, however, it was not until recently that the patient had started to wear personal protection. Asbestos is a significant source of hazardous exposure in old buildings, and this case serves as a reminder of the importance of asbestos-related exposure history, which facilitated the correct diagnosis of pulmonary malignant mesothelioma. Asbestos-containing materials that are now banned or regulated are still present in older buildings and remain an exposure hazard; they continue to be a serious health concern in many countries. [J Formos Med Assoc 2009;108(10):819-825] Chen et al conducted a cross-sectional health survey of 459 workers in 33 asbestos-related factories in Taiwan in 1992. 4 The workers had an average of 8.1 years of dust exposure, with a range of 1-42 years. No case of asbestos-related lung disease was found during this investigation. We et al screened for respiratory disorders among shipbuilding workers in two factories in Northern Taiwan in 1998. 5 The results showed that the prevalence of pneumoconiosis was 2.8% (26 cases), tuberculosis (TB) was 2.4% (22 cases), and pleural thickening was 0.4% (4 cases). However, no asbestos-related lung disease was found in this study. Chang et al surveyed > 20,000 residents who lived near 41 asbestos factories in Taiwan in 1999, and showed that the numbers of expected excess deaths from lung cancer and mesothelioma were five and less than one, respectively. 6 During 1990-1998, only four cases of asbestosis, but none of mesothelioma were reported in our country, which was less than in other industrialized countries. 5 The present case serves as a reminder of the importance of a history of asbestos-related environmental exposure, and the availability of a complete history in this type of patient can facilitate the correct diagnosis of pulmonary malignant mesothelioma. This is a case report of environmental asbestos exposure that induced mesothelioma in Taiwan.
Case Report
Symptoms of dyspnea, right chest pain and upper back pain began to appear in this 58-yearold man in May 2005. A chest X-ray (CXR), which was carried out at a medical center in September 2005, led to a diagnosis of right-side pleural effusion (suspected TB), and the patient agreed to tube drainage and anti-TB drug treatment. However, following the removal of the accumulated fluid, a pleural change was discovered. A pleural biopsy showed pathological features of papillary mesothelioma but no asbestos fibers were found. The results of CXR and computed tomography (CT) (September 2005) are presented in Figure 1 .
This patient had worked in a porcelain factory for 30 years since 1975. In this factory, titanium dioxide and aluminum oxide powder were mixed with old recycled china, and ground in water to produce a semi-solid material. Under hightemperature conditions, the semi-solid material was transformed subsequently into powder form again. Although there was a high powder content within this working environment, the patient did not wear any kind of respiratory protective equipment during the working day. The patient was exposed to this environment for 8-10 hours/day, 5 days/week, for a period of 30 years. The workplace was a very old building that had not been repaired for almost 30 years, and according to the 
Severe pleural effusion
Severe pleural effusion patient's own description, the high working temperature caused asbestos debris and dust to fall down regularly from the wallboards ( Figure 2 ). He lived with his children and wife, whose job did not involve contact with asbestos, in a 30-year-old apartment that had been renovated in 1977, 1990 and 2002. Before the patient joined the china factory, his previous physical examination reports were normal. Unfortunately, he did not have the opportunity to receive periodic health examinations after that. There was no other discomfort until 2004, when he began to show symptoms of mild cough. As a result, in May 2004, he visited another medical center to undergo a general physical checkup. According to the CXR report, partial pleural thickening was noted and asbestos-related lung disease was indicated ( Figure 3 ). CT was carried out in September 2005 and revealed heavy pleural effusion with further asbestos-related lesions in other parts of the lungs (Figure 4 ). The final diagnosis of papillary mesothelioma was confirmed by pleural tissue biopsy.
Discussion
Asbestos is strong, lightweight, resistant to chemical destruction and fireproof, and is a heat and electrical insulator. Potential sources of asbestos exposure can be found everywhere. However, the greatest rates of exposure are generally occupational. Numerous industries have an asbestosrich working environment. 7 Table 1 shows the potential sources of occupational and environmental asbestos exposure. [8] [9] [10] [11] [12] In Taiwan, the industries with the largest numbers of workers exposed to asbestos are cement production, building demolition, ship breaking, and production of brake linings and clutch pads. 13 Non-occupational exposure to asbestos is also a health risk. A significant source of environmental exposure is in public buildings. Asbestoscontaining materials that are now banned or regulated are still present in old buildings and Table 1 . Potential sources of occupational and environmental asbestos exposure [8] [9] [10] [11] [12] Asbestos-containing products Asbestos-containing flight materials: exposed workers may include aircraft mechanics and those involved in aerospace and missile production and aircraft manufacturing Asbestos-lined electrical products: exposed workers may include electrical workers (e.g. electricians), electrical linesmen, telephone linesmen, and power plant workers Asbestos shipping materials: exposed workers may include shipyard workers (e.g. insulators, laggers, painters, pipe fitters, maintenance workers, and welders), Coast Guard personnel, merchant mariners, longshoremen, United States Navy personnel, asbestos manufacturing plant workers, insulators, machinists, persons working at packing and gasket manufacturing plants, pipe fitters, and power plant workers Brake linings and clutch pads: exposed workers may include car mechanics, those involved in brake and clutch manufacture, and assembly workers Building materials: exposed workers may include building engineers, cement plant workers, building material manufacturers, construction workers (including insulators, boilermakers, steelworkers, ironworkers, plumbers, steamfitters, plasterers, dry-wallers, cement and masonry workers, roofers, tile/linoleum installers, carpenters, and welders) Other asbestos-containing products: exposed workers may include railroad workers, steamfitters, refinery workers, sheet metal workers, refractory products plant workers, rubber workers, and warehouse workers Asbestos removal Removal of insulation, asbestos removal, and waste handling Building demolition and ship breaking Environmental exposure Asbestos in public buildings (e.g. hospitals, libraries, schools); occurs when the asbestos is disturbed during building or maintenance work Family members of persons exposed occupationally Asbestos production Asbestos mining; textile mill workers who weave asbestos into cloth Asbestos transport Packing and handling of asbestos remain an exposure hazard. During maintenance, repair, demolition or renovation, asbestos fibers may be released, putting building occupants or passers-by at risk. 14 The level of asbestos inside old buildings with asbestos ceiling materials can be 100 times higher than that in the air outside, although usually it remains three or four orders of magnitude lower than the workplace levels that are associated with well-documented occupational disease. 14 It is hard to quantify the health effects of these elevated asbestos levels, particularly because it can take such a long time for disease to develop following exposure. Information about asbestos hazards has been discussed in many fields. No studies on animal or human disease have described the acute toxicity of asbestos. 15, 16 Chronic inhalation exposure to asbestos in humans can lead to asbestosrelated lung disease. A substantial number of occupational studies have reported that exposure to asbestos by means of inhalation can lead to lung cancer and mesothelioma. 15, 16 In particular, individuals who have a smoking habit and concomitant exposure to asbestos have an additional risk of developing lung cancer. 15 Several occupational studies have reported an increase in gastrointestinal cancer from exposure to asbestos through inhalation and subsequent oral ingestion. 15, 16 Table 2 shows the symptoms and treatment of asbestos-related lung diseases. 8 The United States Environmental Protection Agency (EPA) considers asbestos to be a human carcinogen, ranking it as a Group A substance. The EPA uses mathematical models based on human and animal studies to estimate the probability of a person developing cancer from breathing air that contains a specified concentration of certain substances, from which an inhalation unit risk of 2.3 × 10 -1 fibers/cm 3 is estimated. 17 The United States Occupational Safety and Health Administration sets a maximum exposure limit for construction workers and others working with asbestos. Workplace exposure must be limited to 0.1 fibers/cm 3 of air averaged over an 8hour work shift (Threshold Limit Value-Time Weighted Average; TLV-TWA). For short-term exposure, the limit is 1 fiber/cm 3 of air averaged over a 30-minute time span. 14 According to a study in Taiwan, the cement industry has diminished gradually, and the TLV-TWA in these factories was under that recommended by our government (1 fiber/cm 3 ) in a 1995 environmental asbestos concentration survey. The brake linings and clutch pads industry is continuing to develop in Taiwan. However, about 28% of these factories had an asbestos concentration > 1 fiber/cm 3 in a 1995 survey. In a 1996 industrial survey, the result improved, but still 5% of air samples had more than 1 fiber/cm 3 , and about 12% had 0.5-1.0 fiber/cm 3 . Even today in Taiwan, there are still many old buildings that have cement siding, high-temperature gaskets and wallboards, which contain many asbestos fibers. 13 The diagnostic criteria for asbestos-related lung disease according to labor law in Taiwan are shown in Table 3 . 18 The principles that underpin the diagnosis of occupational-environmental diseases essentially comprise five main parts: (1) evidence of disease; (2) evidence of occupational or environmental exposure; (3) confirmation of succession according to the principle of initial exposure to the hazard, followed by development of the disease; (4) confirmation of existing evidence in human epidemiology; and (5) removal of all other possible pathogenic factors.
The 58-year-old male patient described in this case report had mesothelioma that was confirmed by clinical progression and pathological data. The concentration of asbestos fibers in the air at the factory was difficult to determine because the manager had switched from asbestos wallboards to iron-material wallboards and gaskets. An old picture of the factory, however, shows that asbestos wallboards and gaskets had been used previously. The high working temperature had caused asbestos debris and dust to fall down regularly from the wallboards. According to the serial CXR and CT films, asbestos-related lung disease was diagnosed at the time of the patient's general physical checkup in 2004. The diagnosis was changed subsequently to malignant mesothelioma in 2005. There is still insufficient evidence of any other factors that might have been responsible for the patient's malignant mesothelioma.
There is no evidence of a safe level of asbestos from which there is no risk of mesothelioma. There might be a background level of mesothelioma that occurs in the absence of exposure to asbestos, but there is no proof of this, and this natural level is probably much lower than the oft cited 1-2 people a year who get mesothelioma out of every 1 million people who are exposed to asbestos. 19 One case report in 2000 describes a 46-year-old woman who was dying from histologically confirmed diffuse malignant mesothelioma after asbestos exposure, which was only caused by indoor exposure to crocidolite-containing spray asbestos in building materials. She had no other known occupational asbestos exposure during her life time. 20 Many recent studies have provided strong evidence that asbestos pollution from an industrial source greatly increases the risk of mesothelioma. Furthermore, relative risks from occupational exposure have been underestimated and have increased markedly when adjusted for residential distance. 21 The current findings suggest that environmental asbestos exposure continues to be a serious health concern in many countries, such as Turkey. 22 Asbestos exposure affects asbestos workers and their families, users of asbestos products, and the general public who are exposed to building materials in their homes and public buildings. Internationally, the World Health Organization and the International Labor Organization are responsible for occupational and environmental health and safety. 23 Taiwan should strengthen asbestos-control programs to ensure the safety of those who work in high-risk industries or live in asbestos-containing buildings.
